Reconstitution of myoglobin from apoprotein and heme, monitored by stopped-flow absorption, fluorescence and circular dichroism.
The reconstitution reaction of ferric cyanomyoglobin from apomyoglobin and hemin dicyanide was investigated with a stopped-flow apparatus by the use of five kinds of probes; (a) Soret absorption, (b) fluorescence quenching of tryptophan, (c) far-ultraviolet CD, (d) near-ultraviolet CD, and (e) Soret CD. After mixing of apomyoglobulin with equimolar amounts of hemin dicyanide, the Soret absorption band was shifted to longer wavelengths within 10 ms. The shifted band kept its shape for a few seconds, and then gradually shifted to shorter wavelengths. A rate constant of the slow reaction was 1.1 x 10(-2) s-1. Time courses of fluorescence quenching followed a second-order reaction with a rate constant of 9 x 10(7) M-1 s-1. Far-ultraviolet CD recovered to the level of native state within the response time of an apparatus (= 64 ms). Near-ultraviolet CD and Soret CD changed with first-order rate constants of 5-30 s-1 and 5 x 10(-3) s-1 respectively. On the basis of the kinetic results we propose the following reconstitution pathway of myoglobin. Apomyoglobin has essentially a highly folded structure similar to myoglobin, but there are some differences in the secondary structure between them. In the first step, heme enters the pocket-like site of apomyoglobin and interacts with surrounding hydrophobic residues in the pocket, and then the interaction may give a complete ordered structure to the protein. Second, the tertiary structure of the heme pocket is partly constructed. Third, the iron-proximal His bond occurs, followed by the attainment of the final conformation. This sequence of the events shows that the polypeptide chain is entirely folded before the completion of three-dimensional structure of the heme pocket. The reconstitution pathway is fairly different from that of the alpha subunit of hemoglobin reported by Leutzinger and Beychok [Proc. Natl Acad. Sci. USA (1981) 78, 780-784], which described how a drastic recovery in helicity was observed on the heme-binding, and that the recovery is introduced by the formation of the heme pocket structure. The difference in the results found for the alpha subunit and myoglobin suggests a difference in conformation: in apomyoglobin most of the helices are arranged and folded around a helix core to form a compact structure as a whole, while in apo-alpha subunit some helices are not folded around the helix core. Helix D, which is absent in the alpha subunit, may play an important role in folding of the helices.